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Is Position Information of Radicals Sensitive to Relative Frequency of 
Distribution in a Character? 
Mak Sin Ching 
Abstract 
 
The study aimed to investigate the relationship between the position information of radical 
and the radical’s relative frequency of distribution in a Chinese character. A primed lexical 
decision task was adopted, in which complex characters with radicals in dominant and 
sub-ordinate positions were chosen as both primes and targets. Event related potentials (ERP) 
was also employed in addition to behavioral data collection so as to reveal more on the 
underlying cognitive process involved when recognizing Chinese characters. A main effect of 
radical position in target (2 levels: dominant, subordinate) was found. The result supports that 
the radical representational units are position specific. Moreover, these units are sensitive to 
the radical’s relative frequency of distribution.  
 
Keywords: radicals, relative frequency of distribution, primed lexical decision task, 
character recognition 
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Is Position Information of Radicals Sensitive to Relative Frequency of 
Distribution in a Character? 
 
Unlike alphabetic scripts, Chinese characters are logographic in nature. All characters 
are composed of strokes. Based on strict and traditional conventions, different types of stroke 
will combine to form radicals. A radical is defined as a sub-character unit that can re-occur in 
different characters (Feldman & Siok, 1999). Some radicals exist in free form, which means 
that they can also act as simple characters themselves (e.g. 口/hau2/, means “mouth”; 王
/wong4/, means “king”). On the other hand, some radicals cannot exist alone and have to 
appear in bound form. For example, 亻 is a radical that cannot exist by itself and has to 
combine with other radicals to for characters. Characters which composed of two or more 
radicals are called complex characters (Feldman & Siok, 1999). The most frequent type of 
complex character is called phonetic compound, which constitutes 85% of modern Chinese 
characters (Perfetti & Tan, 1999). In these phonetic compound characters, radicals which 
provide the meaning of the character are called semantic radicals while those provide 
phonological information are called phonetic components. For instances, 奶 /naai5/ is a 
phonetic compound character which means “grandmother”. Its left radical “女”contributes to 
the meaning of female while the right radical (乃 /naai5/) contributes to the pronunciation of 
the character.  
Most radicals can occupy different positions in complex characters. Some radicals may 
appear in one position more frequently than other positions, which mean that the relative 
frequency of distribution in that position is higher than other positions. In this study, we 
named that position as “dominant position”. For example, “王” is a radical that usually appears 
on the left hand side of horizontal complex characters, such as 玫 /mui4/ (means “rose”),珍 
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/zan1/ (means “treasure”) and 玻/bo1/ (means “glass”). In contrast with the dominant position, 
“王” can also appear in a less frequent position, such as in the case of 枉 /wong2/ (means “to 
misinterpret”), in which “王” appears on the right hand side of the complex character. We 
named this less frequent position as “subordinate position”.  
A research question can be raised as to whether position information of radicals is 
represented in the process of character recognition, and if so, what is the nature of the 
representation. In other words, is the representational unit of radical position-specific or 
position general? To investigate further, if the former is true, would there be any differences 
in processing radicals in dominant position and subordinate position?  
Literature Review 
A substantial amount of research on orthographic processing of Chinese characters has 
been accumulated over the past 20 years. Many studies have demonstrated the presence of 
radical representational level in character recognition using a range of paradigms such as 
lexical decision task (Taft & Zhu, 1997; Taft, Zhu & Peng, 1999; Ding, Peng & Taft, 2004) 
and character matching task (Tsang & Chen, 2009). For example, Ding et al. (2004) adopted 
a primed lexical decision task to study if facilitation of character recognition was due to 
pre-exposure of radicals or just the pre-exposure of orthographically similar units. Results 
showed that radical priming resulted in a significantly faster response than orthographically 
similar priming. In addition, radical priming resulted in facilitation while orthographically 
similar radicals generated interference. This suggested that there was a level of radical 
representational unit in the recognition of Chinese character, and this representational unit 
was unrelated to any orthographic similarity effect.  
Beyond the evidence of a level of radical representation in character recognition, some 
researchers have found that radical representations are position-specific (Taft & Zhu, 1997; 
Taft, Zhu & Peng, 1999; Ding, Peng & Taft, 2004). For instance, Taft and Zhu (1997) studied 
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the effect of absolute position frequency of radical on character recognition using a lexical 
decision task. They defined 3 major terms in their study, including the character frequency, 
the absolute radical frequency and also the absolute position frequency of radical. For the 
term character frequency, it refers to the total number of times that a character can occur in 
Chinese language (i.e. the token frequency in a million of characters). The term absolute 
radical frequency refers to the total number of Chinese characters that contain the radical 
regardless of the position located. The radical’s absolute position frequency refers to the total 
number of times that radical appears in a specific position of characters that can occur in 
Chinese language. They compared the response time for making a lexical decision of two 
pairs of characters, which the overall character frequency and absolute radical frequency are 
matched, but differed in radical’s absolute position frequency. They found the response to 
characters with high radical position frequency was significantly quicker than items with low 
radical position frequency. In addition, Ding et al. (2004) examined the effect of position 
priming on Chinese character processing. They found that sharing the same radical in the 
same position across the prime and target would result in a significant effect of facilitation 
while those with that share the same radical but in different positions did not. They then argue 
that the level of radical representation was position specific. However, the results found was 
also contaminated by the degree of visual overlapping, in which the same priming condition 
had more visual and spatial similarity (e.g. spatial arrangement of different components in a 
character) than the different priming condition.   
On the other hand, some might argue that the radical representations are in fact position 
general. Tsang and Chen (2009) studied the effect of radical position of characters using a 
character matching task. They found that the conditions of sharing radicals in the same 
position between source characters and targets had no significant difference when compared 
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with conditions of sharing radicals in different positions. This implied that position of 
radicals had little role to play in character processing.  
In addition to the investigation on radical representational units and their natures, some 
studies were also interested in exploring the relationship between absolute radical frequency 
and the radical’s distribution in characters. For example, Taft and Zhu (1997) found an effect 
of absolute radical frequency on the right radicals of horizontal characters in a lexical 
decision task, in which characters with higher absolute radical frequency on the right had 
significantly faster response latency than those with lower absolute radical frequency on the 
right. This suggested that the absolute radical frequency had an effect on Chinese character 
recognition but it was confined to the right-hand side of radicals only. Feldman and Siok 
(1997) conducted another experiment based on Taft and Zhu’s claim. They found an 
interaction of radical position and radical frequency in semantic radicals only but not in 
phonetic radicals. They then argued that the position effect that Taft and Zhu found was 
actually dependent on the radical’s function.  
However, their findings should be interpreted cautiously. Both Taft and Zhu (1997) and 
Feldman and Siok (1997) used left and right to define the position information of radicals. 
They defined radical frequency (or the term combinability in Feldman and Siok’s study) as 
the total number of times that a radical could appear in Chinese charaters. They did not take 
into account of the radical’s relative frequency to different distributed positions in a radical. 
For instances, it might be possible that they had chosen a character with high absolute radical 
frequency (such as 王 which appears frequently in Chinese characters), but that radical was 
at a subordinate position of a character ( such as 枉 in which radical 王 is in a subordinate 
position) as a target character. Hence, the radical’s position they manipuated might possibly 
be confounded by the radical’s relative frequency of distribution. Moreover, they used 
different radicals to study the effect of different positions of occurrence, in which direct 
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comparison on the same radical but in different positions was not possible. Other than that, 
they used high or medium frequency characters as the experimental targets, which might be 
recognized very quickly leading to the processing of component radicals becoming less 
observable in experiments (Ding, Peng, & Taft, 2004).  
Experimental design 
The present research aimed to study the position information of a radical and its 
relationship to the radical’s relative frequency of distribution in a character. By using a 
primed lexical decision task, we could manipulate the positional relationship between the 
prime and target with respect to the radical’s relative frequency of distribution. This allowed 
investigation on whether radicals in dominant position and radicals in subordinate position 
would be processed similarly or differently. In addition, it could also reflect the nature of 
radical representational units. By including conditions of same position priming and different 
position priming, we could distinguish the effect of position information associated with 
radical representational units from the effect of visual overlapping between prime and target. 
For examples, if it was true that there was a presence of position information associated with 
the radical representational unit, significant differences between the pair with radical in 
dominant position across primes and targets and the pair with radical in subordinate position 
across primes and targets would be expected. In other words, it suggested that other than 
visual overlapping, the position information that a radical representational unit carry might 
also play a role in character recognition. This in turn would suggest that the radical 
representational unit was position specific instead of position general.  
As the experiment was a primed lexical decision task, the duration of prime exposure 
would determine the degree of activation of information associated with different level of 
character processing. Thus, by manipulating the prime duration, the information activated 
(e.g. orthographic unit, radical unit, etc.) in the prime could also be manipulated. This 
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allowed the differentiation on effect of orthographic priming and radical priming. With 
reference to Perfetti and Tan (1998), two priming durations – 48 ms and 96 ms were chosen. 
Perfetti and Tan found that a brief exposure (43 ms) to a prime could help in facilitating the 
recognition of a graphically similar target without the access of phonological and semantic 
information. In other words, the processing of radical information of the prime might not be 
achieved with such a brief exposure. This prime duration was important in this study as it 
could provide insight into the positional effects across the prime and target orthographically. 
Therefore, 48 ms (equal to three sweeps of a monitor with a 60 Hz refresh rate) was chosen 
for this study. Perfetti and Tan had also reported that an exposure to a prime for greater than 
85 ms would be long enough to activate phonological and semantic representations. In other 
words, the processing of radical units became possible with this exposure time. Hence, 96 ms 
was chosen as the other prime duration.  
In addition to traditional behavioural measures, we also employed the technique of 
Event Related Potentials (ERPs), which has been used in the studies of Chinese character 
processing in recent years (Holcomb, O'Rourke & Grainger, 2002; Liu, Perfetti & Hart, 2003; 
Lee, Tsai, Huang, Hung & Tzeng, 2006; Hsu, Tsai, Lee & Tzeng, 2009). ERP is advantageous 
over traditional response latency studies as recording ERP in different time windows could 
allow researchers to infer the underlying cognitive processing. Therefore, it allowed the 
studying of Chinese character processing with the time course. Hence, with the use of ERP, 
the underlying cognitive processing of position information of radicals and relative frequency 
of distribution in a character in this experiment can be revealed.   
Three ERP components were examined in this study. The first component was N1, 
which could be detected over the occipital region. According to Key, Dove and Maguire 
(2005), N1 could reveal the effect of stimulus discrimination and also the spatial information 
of stimulus. Hsu et al. (2009) also explained that N1 would be increased if a person had more 
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visual experience of the stimulus. In addition, Grainger and Holcomb (2009) also found that the 
greater the visual overlapping between the prime and target, the more negative the N1 (or 
N150 as named in their study) amplitude would be. Studying the N1 component was useful in 
this study as the relationship of radical position between primes and targets could be 
investigated. It might also reflect any spatial or visual relationship across the prime and target. 
The second component to examine was P2, which was normally detected at the frontal site. 
According to Liu et al. (2003) and Hsu et al. (2009), P2 was related to the early stage of 
orthographic processing and activation of radicals. Hsu et al. (2009) demonstrated in their 
study that the higher the combinability of a radical, the greater the activation of visual 
experience at early orthographic stage, thus subsequently, would lead to a less positive P2. In 
other words, studying P2 would be useful in this study as it might be able to reflect the effect 
of relative frequency of radical distribution (dominant and subordinate) on a character. Both 
N1 and P2 were the key components in this study. Besides, as a primed lexical decision task 
would be employed, the effect of lexicality as reflected in N400 would also be examined. 
N400 was usually detected over the centro-parietal and temporal regions. Studies (Holcomb 
et al., 2002; Liu et al., 2003; Lee et al., 2006) had shown that N400 was associated with the 
processing of meaning. Holcomb et al. (2002) reported that pseudo characters would generate 
larger N400 than real characters. Thus, N400 would be sensitive to the lexicality effect of this 
experiment. Examination on N400 was done in order to check if participants were attentive to 
the task.   
To summarize, the purpose of current study was to identify the relationship between the 
position information of radicals and the radical’s relative frequency of distribution in a 
character. For the design of the study, a primed lexical decision task was adopted. Complex 
characters with radicals in dominant and sub-ordinate positions were used as both primes and 
targets. Three independent variables were manipulated, including 2 levels (48 ms and 96 ms) 
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of Prime Duration (PD), 2 levels (dominant and subordinate) of Radical Position in Target 
(RPT) and also 2 levels (same and different) of Radical Position across Prime and Target 
(RPaPT). By implication, this study would contribute to the understanding of early 
orthographic processing in the Chinese character recognition models. It might also contribute 
to the study of dyslexia clinically.  
 
Method 
Participants 
Thirty-four participants aged 18 – 25 (M: 21.52, S.D.: 1.60; male: 17, female: 17) were 
recruited to participate in the study. All the participants were native Cantonese speakers. They 
were all right-handed and had normal or corrected to normal vision. Edinburgh Handedness 
questionnaire (Oldfield, 1971) was administered to grade the handedness of participants. 
Participants who had reported learning difficulties, head injury, neurological disorders or 
living overseas (outside Hong Kong) for more than 2 years were excluded from this study. 
The 34 participants were randomly assigned to two groups, which would undergo the same 
set of stimulus but each group would have their assigned and fixed prime durations (i.e. either 
48ms or 96 ms).  
Materials 
Seventeen potential radicals, which would appear in dominant and subordinate position 
respectively in at least 2 low frequency characters (token frequency less than 100 in a 
million), were identified based on the Hong Kong corpus of Chinese newspapers (HKCCNP) 
(Leung & Lau, 2011) database. A dominant position was arbitrarily defined as the position 
where the radical appeared for at least 60% of characters that contain the radical regardless of 
the position located. On the other hand, a subordinate position is defined as the position 
where the radical appeared for less than 35%. For each radical, two low frequency target 
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characters were selected. One of which had target radical in the dominant position while the 
other had target radical in the subordinate position. Another 17 unrelated real targets were 
prepared and acted as fillers for the study. Added to that, 51 pseudo characters were created 
and were excluded from major analyses in this study except for the N400 in the ERP analysis. 
The pseudo characters were created by combining the target radicals with other radicals in 
their usual positions. For each target character, two types of primes were used: a complex 
character with the target radical in the dominant position and another complex character with 
radical in the subordinate position. Hence, there would be same position priming and 
different position priming for real and related targets. Table 1 provides examples for each 
experimental condition. Table A in the appendix gives the list of stimulus used in this 
experiment and their respective character frequency and stroke numbers. 
 
Table 1 A table illustrating the research design with examples of the stimulus 
PD Prime Target 
  Real Characters Pseudo Characters 
4
8
 m
s 
玷 玫 
(Dom+Same) 
枉 
(Sub+Diff) 
#帕 
(Unrelated) 
*王田 
 
*工王 
 
*白卜 
 
汪 玫 
(Dom+Diff) 
枉 
(Sub+Same) 
#帕 
(Unrelated) 
*王田 
 
*工王 
 
*白卜 
 
9
6
 m
s 
玷 玫 
(Dom+Same) 
枉 
(Sub+Diff) 
#帕 
(Unrelated) 
*王田 
 
*工王 
 
*白卜 
 
汪 玫 
(Dom+Diff) 
枉 
(Sub+Same) 
#帕 
(Unrelated) 
*王田 
 
*工王 
 
*白卜 
 
Note: Characters marked with # were fillers. Pseudo characters marked with * were included in the 
analysis of N400 only. 
Key:  
Dom+Same = Radical in dominant position of targets and has same position with prime 
Dom+Diff = Radical in dominant position of targets and has different position with prime 
Sub+Same = Radical in subordinate position of targets and has same position with prime 
Sub+Diff = Radical in subordinate position of targets and has different position with prime 
 
 
All the target characters and prime characters were matched in character frequency (t’s 
(33) <1.35 , p’s > .19) and also stroke (t’s (33) <1.14 , p’s > .26). Due to the limited number 
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of radical stimuli identified, both characters in horizontal configuration and vertical 
configuration were included in this study. Phonological and semantic similarities between 
primes and targets were avoided as much as possible. 
Apparatus 
Two soft-wares were used in this study. The Neuroscan program (Neuroscan, Inc.) was 
used to record the ERP data while the E-prime (Psychology Software Tools, Inc.) was used to 
present stimuli and record the behavioural data (response time and accuracy). ERP data were 
collected using a 128 channel Quik-Cap (Neuromedical Supplies, Sterling, USA) with 
common vertex for reference which was situated between channel 63 (Cz) and 64 (CPz) 
electrodes. Vertical eye movements were collected by VEOG channels situated above and 
below the left orbital ridges. Horizontal eye movements were collected by HEOG channels 
situated laterally to canthus of both eyes. A ground electrode was located in the forehead 
region which was anterior to electrode 60 (Fz). The EEG signal was collected continuously 
and the digitizing rate was 1000 Hz. The electrical signals collected were amplified by 
SynAmps2 (Neuroscan, Inc.) with a band pass filter of 0.05 – 200 Hz.   
Procedures 
All the participants were seated in an acoustically and electrically shielded room. The 
distance between their eyes and the monitor was 1 meter. Fifthteen practice trials were given 
to each participant before the actual experiment. A total of 204 experimental trials were 
divided into 4 randomized blocks. Within each block, the items were randomized and 
consecutive presentation of the same target character was avoided. For each trial, first, a 
fixation cross “+” was presented for 500 ms. Then, a blank page appeared for around 500 ms 
to 700 ms (with an average of 601 ms) to minimize the anticipation effect. Next, a forward 
mask was presented for 100 ms, followed by a prime that would appear for either 48 ms or 96 
ms depending on the prime duration group. After that, a backward mask of 16 ms was 
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presented to eliminate the visual memory of the prime. Finally, the target was presented and 
remained on the screen until the participant made a response. Participants had to judge if the 
target was a real character or pseudo character and respond by pressing the relevant button on 
a mouse as quickly and accurately as possible. After the response, an eye blink cue of 500 ms 
would appear to remind the participant that it was the appropriate time for eye blinking. An 
eye blink cue was giving so as to avoid eye blinking during the critical moment of interest (i.e 
from the onset of prime until a lexical decision was made). The response button (left or right) 
was balanced across all the participants in each group.  
During the experiment, some participants reported that they could see something 
flashing during the stage of prime presentation. They were then told to simply ignore the 
flashing and focused on the task. The entire set stimuli were presented in yellow colour on a 
black background on a computer screen. The size of stimulus was 5 cm x 4.8 cm and all the 
stimulus were printed in MingLiu font.  
Data Collection and ERP offline processing 
Behavioral data including Response Time (RT) and accuracy were recorded by the 
presentation computers while ERP data were collected simultaneously using the 
electroencephalogram (EEG) technique on the acquisition computer. After collection of all 
raw EEG data, offline data processing had to be performed to extract the relevant ERP data 
for further interpretation. First, all the data was filtered using the low-pass filter at 30 Hz and 
high-pass filter at 0.05 Hz (zero phase shift, 12 dB). Next, ocular artifact reduction was 
performed on the filtered data to reduce the contamination of eye and muscle movements. It 
was done by selecting representative eye blinks for each participant manually and later on an 
algorithm was performed using the Neuroscan software to minimize the effect of eye blinking. 
After that, the continuous waveforms were broken down and categorized into different 
prime-and-target combinations by performing Epoch. The onset of experimental triggers on 
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the continuous waveform represented the time where a target appeared on the screen. The 
epoch duration was 400 ms before and 1000 ms after the onset of targets. Next, baseline 
correction and whole head referencing was performed. The time interval before onset of 
targets (-400 ms to 0 ms) was chosen to calculate the mean amplitude for baseline correction. 
Whole-head referencing was also used to re-reference all the data mathematically. Finally, for 
all the epoched data, an artifact rejection was carried out. A fixed voltage of ±60 μV was 
chosen. Data outside the specified range was rejected automatically.      
Data Collection and analysis 
Behavioral data including Response Time (RT) and Accuracy (ACC) were recorded by 
the presentation computers while ERP data were collected simultaneously using the 
electroencephalogram (EEG) technique on the acquisition computer. For the participant 
analysis of behavioral data, a mixed 3-way Analysis of Variance (ANOVA) was run on the 
real and related characters trials to examine the main effects of target radical dominance (RPT: 
dominant and subordinate), radical position in prime and target (RPaPT: same and different 
positions) as well as the prime duration (PD: 48 ms and 96 ms) for both the response time and 
accuracy rate. Another mixed 2-way ANOVA was run to compare the effect of lexicality (real 
characters and pseudo characters) with prime duration (PD: 48 ms and 96 ms) for both the 
response time and accuracy rate. This was performed to check if the results could replicate 
previous findings, and thus, could check if the participants were attentive to the task. In 
addition, within-subject ANOVAs were carried out for the item analysis for the above 
comparisons.  
For the ERP data, the time windows were determined by visual examination of the data 
set. It was observed that N1 component was peaking at around the 70 ms – 130 ms interval 
for all the 4 prime-and-target combinations (Dom+Same, Dom+Diff, Sub+Same, Sub+Diff) 
at the 2 levels of PD while P2 component was peaking at around 240 ms – 300 ms. Hence, 
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the above time windows were chosen for statistical analysis. The electrodes locations were 
decided with reference to Hsu et al. (2009). Mean amplitudes of the occipital N1 and 
central-frontal P2 components within the selected time windows were collected from two 
chosen electrodes respectively (N1: Channel 41 and 96; P2: Channel 34 and 89). For both N1 
and P2, within-subject ANOVAs were run to examine the effects of Electrode Location (EL), 
RPT and also RPaPT separately for each prime duration. Note that unlike the behavioral 
analysis, separate ANOVAs were computed for the different prime durations because 
different results were expected at different prime durations. The number of participants in 
each group was too small to adding another independent variable (the prime duration) for 
analysing the ERP data. Hence, separated ANOVAs were run for the two prime durations. For 
N400, mean amplitudes within the selected time windows (290 ms -490 ms) were collected 
from three electrodes at the central region respectively (N400: Channels 51, 63 and 77). 
Within-subject ANOVAs at the N400 were run to examine the effects of Lexicality (Real and 
Pseudo character) and also EL for each prime duration separately. For all the analyses, 
Bonferroni correction was employed for post-hoc comparisons when the assumption of 
sphericity variance was met. 
 
Results 
Behavioral and ERP data from two participants were eliminated due to high error rate 
in the lexical decision task (i.e. > 25% error made). For the behavioral data, all the incorrect 
trials, improbable data (i.e. lexical decision in less than 200 ms or more than 3000 ms) and 
outliers (i.e. outside 3 SD from the mean) were eliminated (14% of the total number of 
trials). For the ERP data, amplitudes collected at bridged channels was replaced by the mean 
of the related conditions. All the incorrect trials were also excluded from the analysis.   
Behavioral results 
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Table 2 shows the mean response time, accuracy rate and their corresponding standard 
deviations for the four different conditions in the participant analysis of this experiment. In 
the 3-way mixed ANOVA using RT as the dependent variable, there was a main effect of 
RPaPT in the participant analysis, F1 (1, 30) = 11.39, p < .05, ηp
2
 = .28, but not in the item 
analysis, F2 (1, 128) = 2.66, p = .11, ηp
2
 = .02. The result suggests that radicals that occur in 
the same position across prime and target (M1 = 670.81, SE1 = 21.18; M2 = 682.01, SE2 = 9.12) 
resulted in quicker response time than those in a different position (M1 = 692.84, SE1 = 19.87; 
M2 = 703.03, SE2 = 9.12). There was also a main effect of prime duration but it was found 
only in the item analysis, F1 (1, 30) = .35, p = .56, ηp
2 
= .011; F2 (1, 128) = 4.16, p < .05, ηp
2
 
= .031, indicating that primes presented for a longer duration of 96 ms (M1 = 669.86, SE1 = 
27.76; M2 = 679.38, SE2 = 9.12) resulted in a quicker response than primes presented for a 
shorter duration of 48 ms (M1 = 693.79, SE1 = 29.55; M2 = 705.67, SE2 = 9.12). No interaction 
effect was found in both participant and item analysis (all F’s < 2.66, p’s > .11).  
In the error analysis comparing the accuracy rate across the 4 prime-and-target 
combinations, no main effects or interactions were found in both participant and item analysis 
(all F’s < .97, p’s > .33). 
Table 2 Mean response time (RT), accuracy rate (ACC) and standard deviations (SD) for the 
comparison of PD, RPT and RPaPT in the participant analysis 
 Prime Duration 48 ms Prime Duration 96 ms 
Condition RTmean RTSD ACCmean ACCSD RTmean RTSD ACCmean ACCSD 
Dom+Same 687.71  148.94  87.06  10.94  666.28  90.05  88.24  8.57  
Dom+Diff 701.41  127.96  84.71  11.29  686.75  103.80  87.54  11.37  
Sub+Same 680.23  141.41  87.84  8.16  649.02  103.10  88.24  8.82  
Sub+Diff 705.80  123.53  87.84  11.86  677.39  102.44  89.27  8.88  
Note:  
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Dom+Same = Radical in dominant position of targets and has same position with prime 
Dom+Diff = Radical in dominant position of targets and has different position with prime 
Sub+Same = Radical in subordinate position of targets and has same position with prime 
Sub+Diff = Radical in subordinate position of targets and has different position with prime 
The 2-way mixed ANOVAs comparing lexicality and prime duration showed that there 
was a main effect of lexicality in both participant and item analysis of RT, F1 (1, 30) = 14.68, 
p < .05, ηp
2
 = .33; F2 (1, 336) = 38.95, p < .001, ηp
2
 = .10, indicating that real characters (M1 = 
681.84, SE1 = 19.40; M2 = 691.47, SE2 =5.20) were easier to judge than pseudo characters (M1 
= 736.72, SE1 = 27.43; M2 = 737.33, SE2 = 5.20). There was also a main effect of prime 
duration in terms of RT in the item analysis but not in the participant analysis, F1 (1, 30) = .60, 
p = .45, ηp
2
 = .02; F2 (1, 336) = 15.68, p < .001, ηp
2
 = .05, where primes in the short duration 
48 ms (M1 = 726.76, SE1 = 33.02; M2 = 728.95, SE2 = 5.20) had a slower response than long 
duration 96 ms (M1 = 691.79, SE1 = 31.01; M2 = 699.86, SE2 = 5.20). See Table B in the 
appendix for mean response time, accuracy rate and their respective standard deviations for 
real and pseudo characters across different prime durations. 
The error analysis on lexicality with prime duration found a main effect of prime 
duration in both participant and item analysis, F1 (1, 30) = 5.61, p < .05, ηp
2
 = .16; F2 (1, 336) 
= 6.22, p < .05, ηp
2
 = .02. , where primes in the short duration 48 ms (M1 = 84.02, SE1 = 1.18; 
M2 = 82.98, SE2 = 1.18) had a lower accuracy than long duration 96 ms (M1 = 87.86, SE1 = 
1.11; M2 = 87.13, SE2 = 1.18).There was also a main effect of lexicality in the item analysis 
but not in participant analysis, F1 (1, 30) = 1.35, p = .26, ηp
2
 =.04; F2 (1, 336) = 8.82, p < .05, 
ηp
2
 = .03, where participants were better at identifying real characters (M1 = 87.48, SE1 = 1.39; 
M2 = 87.53, SE2 = 1.18) than pseudo characters (M1 = 84.40, SE1 = 1.70; M2 = 82.58, SE2 = 
1.18).  
ERP results 
Grand average waveforms showing the effects of RPT and RPaPT at N1 (channels 41 
and 96) and P2 components (channels 34 and 89) for the two different prime durations are 
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illustrated in Figure 1. Figure 2 showed the topographic plots reflecting the average activity 
across the whole-head between 70 ms -130 ms and 240 ms-300 ms. In order to determine the 
relationships between RPT, RPaPT and electrode location (EL), 3-way repeated measures 
ANOVA were carried out at each prime duration.  
Comparison between RPT, RPaPT and EL 
At the short prime duration of 48 ms, no main effects were observed at N1. However, 
the interaction between EL and RPaPT was significant, F (1, 14) = 4.68, p < .05, ηp
2
 = .25, 
showing that same RPaPT at the right (M = -.96, SE = .85) elicited the most negative N1 than 
other pairs. With the adjustment of alpha level to .03, post -hoc- one-way repeated ANOVA 
at each electrode location revealed no significant results (all F’s < 1.84, p’s > .20). The graph 
in Figure 3 shows the mean amplitudes and standard errors of same and different RPaPT at 
the left (41) and right (96) electrode locations. The P2 component analysis on the other hand 
showed no main effects or interactions (all F’s < 2.53, p’s > .13). 
At the long prime duration of 96 ms, there were no main effects observed in N1. 
However, the interaction of RPT and RPaPT was nearly significant, F (1, 16) = 3.58, p=.077, 
ηp
2
 = .18. With the adjustment of alpha level to .03, post -hoc- one way repeated ANOVA 
was performed at each level of RPT and RPaPT respectively. Results showed that the 
Sub+Same and Sub+Diff pair was nearly significant, F (1, 16) = 4.04, p = .062, ηp
2
 = .20, in 
which targets with subordinate radical position and sharing the same position as their primes 
(M = -2.63, SE = .56) was nearly significantly greater in negativity than targets with 
subordinate radical position but in a different position as their primes (M = -1.77, SE = .65). 
The graph in Figure 4 shows the mean amplitudes and standard errors of targets with 
dominant and subordinate radicals in same or different prime positions. Interestingly, there 
was a main effect of RPT at the P2 component, F (1, 16) = 4.95, p < .05, ηp
2
 = .24, in which 
radicals in the subordinate position of the target (M = 3.53, SE = .61) generated a more 
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positive amplitude than those in a dominant position (M = 3.02, SE = .54). No interaction was 
observed at P2.  
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Figure 1 Grand Average ERP waveforms showing the 4 prime-and-target combinations at 
electrode 41, 96 , 34 and 89 at different prime durations. 
Key: FM - Forward Mask; P – Prime; BM - Backward Mask 
Note: Negative was plotted upwards. 
 
Figure 2 Topographic map showing the ERP activity across whole-head between 70 ms -130 
ms and 240 ms-300 ms for the 2 different prime durations 
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Figure 3 Mean and SE of the amplitude for different RPaPT at different EL at prime duration 
48 ms 
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Figure 4 Mean and SE of the amplitude for different RPT at different RPaPT at N1 at prime 
duration 96 ms  
 
Comparison between lexicality and EL. 
For the comparison of ERP activity between lexicality and electrode location, at prime 
duration 48 ms, there was a main effect of lexicality observed in N400, F (1, 14) = 8.18, 
p< .05, ηp
2
 = .37, where pseudo characters (M = 1.49, SE = .49) was more negative-going than 
real characters (M = 2.04, SE = .55). There was also a main effect for electrode location in 
N400, F (2, 28) = 4.23, p < .05, ηp
2
 = .23. Post-hoc pairwise comparisons revealed that the 
central electrode (63) (M = 1.41, SE = .59) was more negative-going than the left electrode 
(51) (M = 1.96, SE = .54), Mdifference = -.56, p < .05). 
On the other hand, at prime duration 96 ms, there was only a main effect of lexicality, 
F (1, 16) = 6.19, p < .05, ηp
2
 = .28, where pseudo characters (M = 1.92, SE = .50) was more 
negative-going than real characters (M = 2.43, SE = .62). No other main effect or interaction 
was found at this prime duration. Grand average waveforms and ERP topography for the 
comparison of lexicality and electrode location are shown in Figure A and Figure B in the 
appendix respectively.  
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In summary, the behavioral results suggested that long prime duration results in a 
quicker response than the short prime duration. In addition, same position priming also 
results in a quicker response than the different position priming. On the other hand, the ERP 
results showed that EL interacted significantly with RPaPT at N1 in the short prime duration 
while there was a tendency that RPT interacted with RPaPT in the long prime duration. In 
addition, a more positive P2 was found in subordinate RPT than dominant RPT at the long 
prime duration.   
 
Discussion 
The present study aimed to explore the nature of Chinese radical representation and 
particularly to investigate the relationship between position information of radical and the 
radical’s relative frequency of distribution in a character. This was done by collecting 
behavioral data, which is the response latency, as well as the collecting ERP data with 
particular focus on N1 and P2 components. The behavioral results revealed that lexical 
decision was made faster when there was a longer exposure to the prime, or when the prime 
and target share the same radical which was located in the same position in characters. The 
ERP results suggested that both visual information and radical information might be 
processing at N1 while the information of radical’s relative frequency should be processing at 
P2. The P2 result suggested that radical in dominant position and radical in subordinate 
position were represented differently. The behavioral and ERP results are discussed in further 
details in the following paragraphs.  
Behavioral results 
It was found in this study that pre-exposure to a related prime for a long prime duration 
(96 ms) can generate more facilitation in recognizing the target than the short prime duration 
(48 ms). This finding is consistent with the results found by Perfetti and Tan (1998), in which 
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at the long prime duration (85 ms), the exposure time was long enough for activating the 
related radical unit from the prime character. This will in turn facilitate the recognition of 
target characters due to pre-activation of relevant radical units. In contrast, at the short prime 
duration, prime exposure is too short that activation of constituent radical unit or relevant 
character units is incomplete. Therefore, little facilitation was generated for recognizing the 
target character.  
The behavioural results also revealed that same position priming could generate a 
significantly faster response than different position priming. Previously, this has been taken 
as evidence for position-specific information of radical representation (Ding et al., 2004). 
Alternatively, the same observation may simply suggest visual overlap between prime and 
target, and that visual analysis of the prime has an effect on recognizing the target characters.  
Finally, it is noted that the effect of lexicality found, in which real characters are 
responded faster than pseudo characters, is similar to the findings in Taft and Zhu (1997). 
This also indirectly suggests that the participants were attentive to the task. 
ERP results 
The ERP results provide insights into character recognition particularly at the stages of 
sub-lexical processing including visual analysis and activation of radical units. 
N1 component 
For the N1 component, there was a significant interaction of EL*RPaPT at the short 
prime duration. With reference to Figure 3, it can be observed that electrodes on the right 
generated more negativity than those on the left. According to Bentin, Mouchetant-Rostaing, 
Giard, Echallier, & Pernier (1999), non-orthographic information generated more negative 
N170 than orthographic information in the right hemisphere. Our observation suggests that 
48 ms is too short for activating the radical units of the prime, and thus, mainly visual 
analyses (e.g. size, position) are occurring at N1 for the short prime duration. Interestingly, 
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comparing the same and different RPaPT pairs on the right electrodes, it can be observed that 
same position priming generated more negativity than the different position priming. The 
results are consistent with Hsu et al. (2009) and Grainger and Holcomb (2009) studies, in 
which N170 (or N1) was larger when there is more visual overlapping. In the same position 
priming situation, pre-exposure to a more visually similar unit generated a more negative N1 
component.  
At the long prime duration, the interaction effect (RPT* RPaPT ) was nearly significant, 
in which the Sub+Same pair generated more negative N1 than the Sub+Diff pair. The result 
also suggests that visual analysis of prime and target was occurring at N1 at long prime 
duration. Because there is more visual overlapping between the prime and target in the 
Sub+Same pair, more activation of the visual features would be resulted and reflected by a 
more negative N1 in the Sub+Same pair. The results are consistent with the observation of 
position priming for N1 at short prime duration.  
Surprisingly, the phenomenon of position priming was more obvious in the subordinate 
RPT but not dominant RPT conditions. Assuming that a radical has different representational 
units and those units are position specific, it is hypothesized that radical representational unit 
specified by the dominant position is more easily activated due to higher relative frequency of 
distribution. Thus, at 70 ms – 130 ms (N1’s time window), the radical in dominant position is 
more readily activated than the one with subordinate position, to such a degree that visual 
overlap between prime and target has little influence. Therefore, no significant difference was 
observed in the Dom+Same and Dom+Diff pair.  
Comparing the results of N1 in different prime durations, we note a trend of earlier onset 
of the N1 component peak in prime duration of 96 ms than 48 ms as shown in Figure 1. It is 
suggested that longer exposure to the prime is enough for activating the radical units in the 
prime character. As both visual information and radical information of the prime are activated, 
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recognition of the target is facilitated (Ding et al., 2004) and hence the N1 component will 
peak earlier than the one in 48 ms.  
P2 component 
The P2 component can be seen as revealing more orthographic processes related to the 
radical’s relative frequency of distribution in a character. It was found that at the long prime 
duration, targets with subordinate RPT generated significantly greater P2 than dominant RPT, 
independent of radical position between prime and target. This key finding supports that a 
radical has multiple representations and the units are position specific. More significantly to 
the present research question, the radical representational unit is sensitive to relative 
frequency of distribution. In particular, radicals in a dominant position are processed 
differently from the radicals in a subordinate position.  
An extended multi-level activation model of Chinese character recognition, which is 
based on the model suggested by Ding et al. (2004) and the results of this study, is illustrated 
in Figure 5. In the model, two changes are made at the radical level. Firstly, at the radical 
level, the position information of radicals is carried by different units. More specifically, the 
position unit is sensitive to the radical’s relative frequency of distribution. Secondly, the 
linkage between a radical to a dominant positional unit is stronger than the linkage to a 
subordinate positional unit. 
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Figure 5 An extended multilevel activation model of Chinese character processing 
Note:    means radical in a dominant position 
It was also found that characters with subordinate RPT had a larger P2 that those with 
dominant RPT. With references to the model in Figure 5, it is hypothesized that there is a 
stronger linkage to radical units specified by a dominant position than the one with 
subordinate position, because radical appears in the dominant position more frequently than 
the subordinate position. Other than that, the link to the radical representational unit specified 
by a dominant position can be activated more easily and rapidly. In contrast, as the radical 
unit with a subordinate position is less frequent, more effort is required to activate that unit. 
Hence, a more positive P2 reflecting greater effort is generated for subordinate RPT than 
dominant RPT. This finding is also consistent with Hsu et al. (2009), in which they found that 
phonetic radicals with higher combinability would result in smaller P2 amplitude due to 
easier activation at the radical unit.  
The effect of RPT was only found in the long prime duration. From Figure 1, there is a 
trend that the P2 component was more positive at long prime duration (96 ms) than short 
prime duration (48 ms). On the other hand, by observation, the P2 component seems to peak 
earlier at short prime duration than the long prime duration. By comparing the results found 
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in the two prime durations at P2, it seems to suggest that the effect of prime is still affecting 
the recognition of target at P2 component at the short prime duration to a certain degree. 
However, the influence of prime on P2 at the short prime duration is unknown. On the other 
hand, the null results of RPT in short prime duration could be due to some experimental 
limitations. Firstly, two participants’ data (both were assigned to the short prime duration 
group) were eliminated due to high error rates. Moreover, the number of trials that could be 
analyzed was further reduced after artifact rejection. As a result, there was a lower 
signal-to-noise ratio in the short prime duration condition. This may hinder the reliability of 
the results. More participants should be recruited in future in order to further investigate the 
difference of P2 results at the two prime durations.    
N400 component 
The N400 results found in this study replicate the one found by Holcomb et al. (2002), 
in which pseudo characters result in larger N400 than real character. This may support the 
claim of Holcomb et al. that pseudo characters do not have real semantic representations, and 
thus, there is a lack of suppression of real words neighbours. Hence, pseudo characters 
produce larger N400 than real characters. The result of N400 found in this study also 
indirectly suggests that the participants were attentive to the task.  
Limitations    
It is noted that some of the ERP results found in this study are only approaching the 
level of significance instead of achieving it. The major limitation of the present study is small 
sample size. Since the number of participants in each group is small, the number of trials 
collected is also very limited. More participants should be recruited in order to increase the 
reliability of the results (Luck, 2005).  
Conclusion 
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The current study demonstrated different degrees of activation of visual information 
and radical representational units at N1 component, in which visual analysis was observed at 
the short prime duration while both visual analysis and processing of radical information was 
observed at the long prime duration. Moreover, the existence of position-specific radical 
representational units that were sensitive to the radical’s relative frequency of distribution 
was also demonstrated at P2 component, with radicals in dominant position more readily and 
rapidly activated than those in subordinate position.  
Last but not least, comparing the behavioral results and ERP results, it is suggested that 
the effect of radical’s relative frequency is quite subtle, and thus, other subsequent processes 
may have masked the effect of radical’s relative frequency of distribution in later stages of 
character recognition. Therefore, the effect of RPT is only shown in the ERP results but not 
the behavioral results.   
Future studies and implications 
Radicals with biased distribution were studied in this study. In future, radicals which 
occur in various positions with comparable relative frequencies of distribution can be studied 
using the same paradigm, to further our understanding of the recognition of Chinese character. 
Questions can be raised as to whether “neutral” radicals, which can occur in different 
positions with similar relative frequencies of distribution, have multiple representations by 
position and whether the units are processed differently. 
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Appendix: 
Table A Stimulus used in the primed lexical decision task 
 Prime Target 
 
Prime with target radical in a 
dominant position 
Prime with target radical in a 
subordinate position 
Target character with radical in 
a dominant position 
Target character with radical in a 
subordinate position 
Radical Character Frequency  Stroke  Character Frequency  Stroke  Character  Frequency  Stroke  Character Frequency  Stroke  
王 玷 0.65  9 汪 32.18  7 玫 14.75  8 枉 13.23  8 
僉 瞼 1.72  18 歛 0.37  17 撿 15.24  16 斂 10.49  17 
交 咬 48.54  9 郊 21.43  9 狡 3.13  9 効 5.58  8 
阝 隘 0.50  13 鄔 1.15  13 隕 1.62  13 鄂 1.75  12 
貝 賃 3.89  13 賂 5.40  13 賈 18.01  13 賑 15.32  14 
斤 忻 1.98  7 芹 1.88  8 昕 3.03  8 斧 6.11  8 
分 盼 31.84  9 盆 24.45  9 吩 3.99  7 岔 1.30  7 
區 毆 44.24  15 驅 40.11  21 鷗 0.94  22 嶇 2.66  14 
害 割 43.82  12 轄 24.24  17 豁 33.25  17 瞎 2.27  15 
火 炳 34.58  9 狄 69.97  7 焯 6.16  12 耿 6.34  10 
禾 稔 3.26  13 酥 3.47  12 稻 10.02  15 穌 7.10  16 
每 誨 1.36  14 莓 6.63  10 晦 4.07  11 霉 13.96  15 
舌 颳 1.33  15 舔 2.27  14 恬 2.32  9 刮 11.14  8 
骨 骱 1.41  14 滑 92.83  13 骸 8.38  16 猾 1.20  13 
見 覷 3.84  19 覽 96.51  21 蜆 2.22  13 覓 21.82  11 
文 彥 24.19  9 虔 2.27  10 紊 2.24  10 斐 3.47  12 
亻 佇 0.73  7 咿 0.50  9 伶 5.27  7 咐 5.01  8 
 
Note: Only real and related targets were shown in the list. Frequency refers to the token frequency in a million of Chinese characters.
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Table B Mean RT, Mean ACC and SD for the comparison of Prime Duration and Lexicality in 
the participant analysis 
 Prime Duration 48 ms Prime Duration 96 ms 
Lexicality RTmean RTSD ACCmean ACCSD RTmean RTSD ACCmean ACCSD 
Real  
characters 
690.96 127.50  86.67  8.37  672.70  90.88  88.29 7.35  
Pseudo 
characters 
762.60 191.05  81.37 11.64  710.88  114.14  87.43  7.41  
Note: RT = Response Time; ACC = Accuracy rate; SD = Standard deviation 
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Figure A Grand Average ERP waveforms of real and pseudo characters at electrode 51, 63 
and 77 at different prime durations. 
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Figure B Topographic map showing the ERP activity at 490 ms for the 2 different prime 
durations 
 
